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Introduction
Hybrid materials containing inorganic nanoparticles in organic matrices have generated enormous fundamental research interest in the field of nanoscience because of their potential applications in environmental, optoelectronic, biomedical and energy storage fields [1] . The conjugated π system of chemically stable, environmentally non-toxic macrocyclic phthalocyanine (Pc) compounds exhibits interesting physical opto-electronic properties leading to a variety of applications in the field of organic electronics [2] , energy conversion and storage [3] and biosensors [4] . Similarly, the size-dependent unique opto-electronic properties of crystalline semiconductor quantum dots (QDs) typically made of chalcogenides or phosphides of II to VI metals have attracted active research attention for their applications in nanoelectronics, optics and biological sciences [5] . Therefore, attempts have been made in recent years to extrinsically dope phthalocyanines with inorganic nanoparticles like lead sulphide (PbS), zinc sulphide (ZnS), cadmium sulphide (CdS) and cadmium selenide (CdSe) with a view to developing hybrid photovoltaic cells devices with enhanced performances [6] . The fluorescence intensity for stable hybrid complexes containing CdSe QDs and polycationic aluminium phthalocyanine in aqueous solution was observed to be 48% more than that for only free Pc, an effect leading to possible enhanced photosensitizing activity in photodynamic therapy [7] . The interaction between quantum dots and phthalocyanine conjugates may be of various types such as surface passivation of the matrix by the quantum dots, electrostatic interaction, hydrogen bonding, and Van der Waal bonding. Electron transfer between CdSe acceptor quantum dots and substituted silicon phthalocyanine donor matrix is found from the femtosecond time-resolved spectroscopy to be responsible for improved photophysical activities of CdSe quantum dots inside a substituted silicon phthalocyanine matrix [8] .
Cadmium telluride (CdTe) quantum dots capped with thioglycolic acid (TGA) on positively charged zinc phthalocyanines cause quenching of luminescence intensity of the compound in a solvent mixture of water and pyridine. This phenomenon may be interpreted as fluorescence resonance energy transfer between the electropositive zinc phthalocyanine and CdTe [9] . The electrocataytic properties of the conjugations of azidefunctiolised CdSe/ZnS QDs with tetrakis (5-hexyn-oxy) iron (II) phthalocynine can be employed for sensing toxic pesticide paraquat with the detection limits of 5.9×10 -9 µM, satisfying the international standard [10] .
The effective non-linear absorption coefficient and free-carrier absorption cross-sections of indium phthalocynine(InPc)/CdSe/ZnS nanocomposites were found to increase with the size of quantum dots and this behaviour is attributed to the increase in photo-excitable free carrier density with increasing CdSe/ZnS QDs radius. These hybrid nanocomposites show threshold limit fluence of 0.77Jcm -2 which is at least one order magnitude lower than a value reported for nanocomposites containing InPc and single walled carbon nanotubes [11] .
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
3 There are several methods described in the literature for the synthesis of nanocomposites [12, 13] . Synthesis of PbS nanoparticles is comparatively easier than that of other semiconductors like ZnO, PbSe, CdSe and
CdS. This is because of the large exciton Bohr radius (18 nm) of PbS. The Bohr radius of CdS, for example, is 5.4 nm and the confinement effect occurs for the radius less than 2 nm. In addition to this, PbS has a larger band gap than those of the other lead-containing chalcogenides PbSe and PbTe. The size, shape, density of the nanoparticle PbS can be tuned by changing the substrate, temperature, reaction phase and reagent of synthesis and the tuneable property of the PbS quantum dots makes them suitable for use in a broad range of applications, telecommunication to biological imaging [14, 15] . The common problem inherent with the solution-phase synthesis is the aggregation of the nano-sized particles due to their high surface energy. The aggregation makes the surface imperfect and also traps the charge carriers resulting in a decrease of mobility [16] . Attempts have been made to overcome these problems by coating the nanoparticles with surfactants. The surfactants prevent the nanoparticles from adhesion by making a physical barrier outside the particles [17] .
However, the disadvantage of coating is that the surfactant acts as an insulating layer and affects the charge transport. These difficulties may be overcome by employing in-situ one step solid state a synthetic route by which inorganic quantum dots are embedded in an organic matrix suitable for a specific device application.
Lead phthalocyanine molecules have been reported to have a 'shuttle-cock' like structure with a C 4v symmetry and the Pb-N bond length is estimated to vary between 0.22 and 0.24 nm depending upon the substitutions.
These distances are smaller than the bond length in a planar phthalocyanine [18] . The out-of-plane Pb atom makes the Pb-N bond weaker and can be easily removed by a reducing agent like hydrogen sulphide (H 2 S)
gas. This property has been exploited in our previous work for one-step, cost-effective solid state synthesis of inorganic/organic hybrid nanocomposites through the displacement of lead from spin-coated thin films of octahexyl substituted discotic liquid crystalline lead phthalocyanine (6PbPc) under an atmosphere of hydrogen sulphide to afford PbS quantum dots embedded in a single layered metal free phthalocyanine matrix. The process was considered to be complete over a 24 hour period. Also, the aggregation of the quantum dots was avoided to a considerable extent by this solid state synthesis. The size and band gap were estimated as 2.24 nm and 1.91 eV respectively [19] . Subsequent work has established that the lability of lead in a range of octaalkyl substituted phthalocyanines under mild acidic conditions in the solution phase varies according to the chain length. In light of this behaviour, a number of examples of this class of compound has been investigated when formulated as thin films and exposed to H 2 S [20] . This establishes that films of the octaoctyl substituted lead phthalocyanine, denoted as 8PbPc (Compound 2 in figure 1), may be more readily converted into the PbS and metal free phthalocyanine C 8 H 2 Pc analogue (Compound 1) nanocomposite formulation than 6PbPc. This enhanced rate of de-metallation reduces formulation time and can be significant if devices are to be prepared for large scale manufacture. Following similar steps, structurally distorted octa-M A N U S C R I P T 
A C C E P T E D ACCEPTED MANUSCRIPT

Results and discussions:
The results of the XRD measurements are summarised in Table I . The XRD pattern in Figure 2 with respect to that of the bulk PbS [32] . The Tauc plot of ( ) 2 Ahυ against hυ in the inset was found to be linear, indicating that electronic transitions associated with optical processes is direct [33] . The ratio of the slope to the intercept of the ordinate extrapolated to 0 hν = produces a value of 2.22eV for the optical band gap opt E for PbS quantum dots. This value is significantly larger than that obtained for the bulk PbS band gap of 0.41eV at 298 K with an absorption onset at 3020 nm. This arises from the quantum confinement of charge carriers in PbS quantum dots with the relatively small effective mass of electrons [34] . A g modes are not sensitive to charge-transfer effect while B g modes are highly sensitive to charge-transfer contributions [38] . The relative intensity change between these two peaks is higher for H 2 S treated Compound produced by precipitation of methanolic lead acetate-thiourea [41] . These values also compare well with the corresponding standard values of 137.2 eV and 142.1eV for Pb4f including 159.2 and 161.9 for S2p in case of bulk galena [42] . The peaks of Pb4f and S2p show an increase of binding energy compared to the bulk PbS.
The broad peak at around 169 eV in Figure 8 (b) can be associated to the presence of sulphur dioxide (SO 2 ) on the surface [19] . The binding energy of the N1s signal of the organic component of H 2 S treated Compound 1 in figure 8(c) was found to be 399.6 eV, slightly higher than 398.4 eV obtained for Compound 2. The higher binding energies of the Pb4f, S2p and N1s orbitals compared to the pure components support the conclusion from Raman spectroscopy regarding the charge transfer between the nanocomposite components [37] . Figure 9 (b) of PL spectra were obtained for Compound 2 as a solution in toluene at concentrations from 0.007 mg/ml to 0.7 mg/ml. In comparison to the solid phase, two broad and blue-shifted PL emission bands at 345 nm and 745 and became broader, undergoing greater quenching with rise in concentration. The latter can be attributed to increasing aggregation of the Pc molecules [44] . Also, it can be suggested that the splitting in the 300-400 nm emission bands appears in the presence of less aggregated species or monomers. From the solution phase study, the splitting in the H 2 S treated Compound 1 in the figure 9(a) of thin film spectra can be attributed to the less Pc-Pc interaction of the incorporated PbS quantum dots in the Pc matrix ( Figure 9(b) ). where, CR τ = is the charging and discharging time constant. [47] and the value of the capacitance C may thus be taken to be determined by the geometry, dimension and dielectric constant of the compounds, making 0 dV dC a = . Therefore, the linear rise of oc V with the scan rate in Figure 11 (a) is expected from Equation (2). The linear increase of sc I with the scan rate       dt dV a in figure 11 (a) for both samples is in keeping with the observation from Equation (2) Tregold Model for low conductivity semiconductors [50] .
As shown in Figure 13 
Conclusions
PbS quantum dots of an average size of 5.8 nm and band gap of 2.22 eV were successfully embedded in metal free phthalocyanine (Compound 2) matrix exploiting the non-planar structure of Compound 1. The XRD and TEM studies confirmed the presence of PbS QDs. The particle size estimated from TEM is in good agreement with one obtained from XRD study. The volume fraction was estimated as 2% in the matrix, eliminating the possibly of percolation limited conduction involving quantum dots. Photophysical quenching was found in the presence of quantum dots, indicating the incorporation of the QDs in the lattice structure of Compound 2.
Charge transport in the H 2 S treated quantum dots obeys the T −1/4 law of the variable range hopping mechanism at room temperature. The hopping distance of charge was estimated to 9.05 nm by temperature study of I-V characteristics. In the case of H 2 S treated Compound 1, this value is larger than the percolation • Chain-length dependent lead liability of newly synthesised octaalkyl substituted lead phthalocyanines under mild acidic conditions is exploited to produce nanocomposite containing non-aggregated lead sulphide quantum dots in metal free analogue matrix.
• The improved electrical characteristics of hybrid nanocomposites over the pristine phthalocyanine is attributed to the formation of a charge transfer complex as evidenced in Raman and XPS studies.
• The charge transfer dynamics have been examined by the employing the voltage sweeps at different scan rates. The exploration of the current hysteresis properties of the new nanocomposites will be a basis for fabricating hybrid nanocomposite based memory storage devices.
